We describe a study of syntactic intervention administered to a 12;2 year old individual with syntactic SLI, who had difficulties in the comprehension and production of structures containing syntactic movement such as relative clauses, object questions, focalization sentences and sentences with verb movement. The intervention, comprised of 16 sessions, was based on syntactic theory and included explicit teaching of syntactic movement, relying on a type of syntactic knowledge that was intact -the argument structure of the verb. The participant's performance was assessed before and after treatment, and for some of the tests also during the treatment and 10 month following its completion. The performance was assessed using various tasks that targeted comprehension, repetition and elicitation of semantically reversible sentences. Following treatment, the participant's performance on all structures with syntactic movement showed substantial improvement compared to baseline, in many of the tasks reaching the performance of the age-matched control group. Treatment of phrasal movement resulted not only in improvement in treated structures, but also in generalization to untrained structures: although phrasal movement was only treated directly for relative clauses and focalization structures, the comprehension of object Wh questions, which also include phrasal movement, improved as well. The high performance level was maintained 10 months after the treatment.
Criterion is violated. Theta Criterion violation can also occur in sentences that include an extra argument that does not receive a role (e.g., *Berta caught the thief the broom).
The verb generally assigns the agent role to the NP that appears before it, in subject position, and the theme role to the NP that follows it, in object position. For example, in sentence (1) the verb "pushing" assigns the agent role to the NP the rabbit, which is located before it, and the theme role to the NP the penguin, which is located right after it. Note, however, that in sentences (2) and (3) there is no NP after the verb and there are two NPs instead of one before the verb, and yet -the sentences are grammatical. Prima facie, there seems to be a Theta Criterion violation here, because the NP the penguin is not located right after the verb and therefore cannot receive the theme role (and according to the Theta Criterion every argument must be assigned a thematic role), and the verb cannot assign the theme role (according to the Theta Criterion the verb must assign all its thematic roles).
(2) This is the penguin that the rabbit is pushing (3) Which penguin is the rabbit pushing?
(3') Which penguin 1 is the rabbit pushing t 1 The explanation that the linguistic theory suggests to this riddle is that the NP the penguin is actually base-generated in object position, and then moves to the beginning of the sentence. This syntactic phenomenon, of movement of an element from its original position to a new position is called syntactic movement. In this case it is a movement of a noun phrase. The NP leaves behind it, in its original position, a trace -phonetically empty element which serves as a "place keeper" and receives the thematic role of the relocated phrase (in this case the penguin, i.e., the theme). The trace is connected to the moved phrase through a "chain", represented with an arrow in sentence (3'), which is responsible for transferring the thematic role from the trace to the phrase that relocated. The trace is marked by the letter t, and a numbered index, which denotes the identity in reference between the trace and its antecedent -the relocated constituent 1 .
There are several distinct types of syntactic movement. The first classification distinguishes between movement of phrases (e.g., noun phrases) and movement of heads (e.g., verbs). The former is called phrasal movement, and the latter head movement. Phrasal movement further divides by the position to which it takes place: movement to argument position (spec-VP or spec-IP) that occurs in passives, unaccusatives, and raising is called A(rgument)-movement, and movement to spec-CP is called A'-movement (read: A bar movement) or wh-movement. The current study focuses on wh-movement and 1 Some recent theories suggest that the relocated element leaves behind a copy of itself rather than a trace. For further reading about the copy theory see Chomsky (1993 Chomsky ( , 1995 and BoškoviK and Nunes (2002) . Other recent approaches assume that movement is a "remerge" rather than a copying operation (Chomsky, 2001; Fox & Pesetsky, 2005) . These linguistic constructs, of movement and traces, have been developed within linguistic theory based on purely linguistic considerations. Can these constructs be of help in describing and treating language impairments? Are they psychologically real? Many psycholinguistic studies demonstrate the psychological reality of the trace of syntactic movement. Studies that used, for instance, Cross-Modal Lexical Priming (CMLP) paradigm, which detects the activation of constituents in the sentence during on-line processing, show that in the course of processing of movement-derived sentences, when the participant reaches the trace position, the antecedent (the relocated constituent) is reactivated. This finding indicates that the NP is semantically processed in its original position -the trace position (for further reading about the paradigm and the findings see Love & Swinney 1996; Nicol & Swinney, 1989; Zurif, Swinney, Prather, Wingfield, & Brownell, 1995) . The trace, therefore, is psychologically real and its existence as well as the existence of the chain that connects it to the antecedent, allows for the understanding of "who is doing what to whom" in the sentence.
Returning now to SLI, given the mechanism of thematic role assignment to a moved constituent, in order to correctly interpret a sentence with a moved element, several operations are necessary: the formation of a trace, the assignment of a thematic role to the trace, and the linking of the trace to the moved constituent via a chain. A deficit in one or more of these operations would lead to difficulty in understanding the thematic roles in the sentence, and therefore to difficulty in determining "who did what to whom" in sentences that are derived by movement. Note, that this difficulty would manifest itself mainly in semantically reversible sentences in which the arguments do not keep their canonical agent-theme order. Sentences that are not semantically reversible, such as "This is the apple that the woman ate", can be understood solely based on world knowledge and lexical consideration: seeing as women eat apples but apples usually do not eat women, the sentence can be understood even when its 2 A-movement was not tested in the current study because the passive construction is rarely used in Hebrew. It is infrequent even in formal written texts, and is associated largely with academic or journalistic prose (Berman, 1979) , and school-age children use passives very rarely even in written texts compared to other languages (Jisa, Reilly, Verhoeven, Baruch, & Rosado, 2002) . Unaccusatives, which are frequently used in Hebrew, even by young children (Friedmann, 2007) , were not informative in the context of the current study because they do not include two thematic roles that can be confused in comprehension. 3 Under some syntactic analyses, the detailed mechanism that derives object relatives is the following: the object NP within the embedded clause is a relative operator (rather than the relative head itself), and it undergoes Whmovement to the specifier position of CP, where it is co-indexed with the head of the relative clause. For example: This is the penguin 1 [ CP Op 1 that the rabbit is pushing t 1 ]. Other analyses assume that the relative head itself raises from within the embedded clause. Since syntactic movement is involved in both cases, we will abstract away from this difference.
syntactic structure is not constructed in full. Similarly, sentences in which the argument order is canonical, such as "This is the grandmother that drew the girl", might still be comprehended correctly based on the canonical order of the agent (first NP) and the theme (second NP) even if the processing of movement is impaired (as is the case in individuals with agrammatism, Grodzinsky, 2000; Friedmann & Shapiro, 2003 ; and in children with syntactic SLI, Friedmann & Novogrodsky, 2004) .
However, reversible sentences like "This is the girl that the grandmother drew", in which the theme precedes the agent, would yield poor performance if one or more of these operations is impaired.
Several researchers suggested that children with syntactic SLI have difficulty exactly with this element of syntax -with syntactic movement -and that this is the reason for their difficulty in comprehension and production of reversible sentences that contain movement and violate the canonical order of the arguments (Davies, 2002; Friedmann & Novogrodsky, 2004; van der Lely, 1994 van der Lely, , 1998 van der Lely & Battell, 2003 , see Friedmann & Novogrodsky, 2007 for discussion of the nature of the deficit in movement, suggesting that it is related to the assignment of thematic roles to moved elements rather than to structure or to the trace).
Meta-linguistic treatment of Movement in various populations
One of the methods used in teaching structures that contain syntactic movement to children at different stages of language acquisition and to populations with syntactic movement deficiency, is meta-linguistic teaching, which is characterized by explicit teaching of syntactic structures. Several studies focused on testing the efficiency of explicit teaching methods -in normal populations (children at different stages of language acquisition) as well as in impaired population.
Treatment of young children. Roth (1984) found that it is possible to improve the comprehension of relative clauses in young children (age 3;6-4;6) who did not acquire this structure yet, using both explicit and implicit teaching. The study tested two conditions: (1) Separating the main clause from the subordinate clause. For example: the sentence The lion that fell on the squirrel hits the hen was studied first in this form: The lion fell on the squirrel and the lion hits the hen. (2) Demonstrating the event in the sentence using puppets, while uttering the relevant relative clause. Both interventions yielded improvement in the comprehension of relative clauses.
Treatment in aphasia.
Some relevant findings can be found in treatment studies of individuals with agrammatic aphasia, individuals with language impairment following brain lesion whose main impairment is syntactic, and who have significant difficulty in the comprehension of movementderived sentences (Grodzinsky, 2000) . Several experimental therapeutic interventions were conducted based on the assumption that the problem lies in mapping the syntactic roles in the sentences to the Syntactic treatment in SLI 6 thematic roles ("Mapping deficit hypothesis", Haendiges, Berndt, & Mitchum, 1996) . The purpose of these experiments was to improve the comprehension of movement-derived reversible sentences, using meta-linguistic means like explicit emphasis of surface-structure indications (word order, verb morphology etc.), and indeed, the results showed an improvement in some of the participants and support the effectiveness of meta-linguistic intervention (Nickels, Bing, & Black, 1991; Schwartz, Saffran, Fink, Myers, & Martin, 1994) . Another approach to the treatment of movement-derived sentences in agrammatism, initiated by the research group of Shapiro and Thompson (Shapiro & Thompson, 2006; Thompson & Shapiro 1995; Thompson, Ballard, & Shapiro, 1998; Thompson, Shapiro, Jacobs, & Schneider, 1996; Thompson et al., 1997) focused on syntactic movement, and on verb argument structure as the key to understanding sentences derived by phrasal movement. This type of treatment, based on linguistic principles, is comprised of several stages: (1) understanding and producing the verb and the noun phrases (the arguments) in the sentence, (2) moving the NP to its new location, (3) producing the sentence after the movement, (4) understanding and producing the verb and the arguments in their non-canonical positions. This treatment approach emphasizes the argument structure as a basic stage of the training. The results showed a significant improvement in the comprehension and production of the structures under training, and also an improvement in structures containing similar syntactic operations, that were not treated directly. For example, after the training of object relative clauses, the production of cleft sentences and object questions, which also derive from the same kind of phrasal movement, spontaneously improved (Friedmann, WenkertOlenik, & Gil, 2000; Thompson et al., , 1997 Thompson, Ballard, & Shapiro, 1998; Thompson & Shapiro, 1995) . It is clear, therefore, that meta-linguistic tools, which involve breaking the derivation of the sentence into its different stages and explicit training at each stage, are helpful for children in the language acquisition phase and for individuals with agrammatic aphasia, and improve their production and comprehension of syntactic movement. Would they be helpful for children with syntactic SLI too?
Treatment in SLI. Studies of syntactic therapy for syntactic SLI are sparse. Ebbels and van der Lely (2001) reported an experimental treatment aimed at improving the production and comprehension of Wh questions and passives of four children with "receptive and expressive SLI" aged 11-13 years.
They used a visual encoding system for explicit teaching of the relations between words in the sentence. The system encodes thematic roles (agent, theme), syntactic dependant relations (subject, object), word class (nouns, verbs), and morphological markers (-ing, -ed). They assumed that if the children had not acquired the grammatical rules naturally (namely, were not able to extract them just by being exposed to the language input), they might benefit from explicit teaching of these rules, similar to a person studying a second language. Their intervention was indeed efficient, more so for comprehension than production, and its effect varied among subjects. The mixed results might have resulted from the heterogeneity of language impairments in the population (and possibly also from differences between the participants with respect to visual abilities, that the treatment was based on).
To summarize, children with syntactic SLI show difficulty in comprehension and production of syntactic movement derived sentences in which the canonical order is violated. Meta-linguistic intervention programs were found efficient for young children during language acquisition, efficient for individuals with agrammatism, and partially efficient for children with SLI (possibly due to population heterogeneity). Is it possible that a therapy that targets a population with specific syntactic impairment and focuses on explicit teaching of the specifically impaired structures, i.e., structures with syntactic movement (while leaning on intact syntactic abilities), will improve the comprehension and production of these structures in children with syntactic SLI?
This study examined whether (and how) it is possible to use the intact syntactic functions, verb argument structure, of a child with syntactic SLI in order to improve the impaired syntactic functions (syntactic movement), using explicit teaching of the syntactic structure based on linguistic theory of argument structure and syntactic movement.
The participant
When we first met Gal he was 12;2, a six-grader in a standard class at a standard school. He is a native speaker of Hebrew and was diagnosed as having a "learning disability" prior to the study. He was given remedial teaching lessons in reading and mathematics, but until this study his syntactic abilities have not been examined, therefore no language impairment was diagnosed, although an educational-psychological assessment identified a significant reading comprehension impairment.
Gal met all the exclusionary criteria for SLI (Leonard, 1998) : he had no hearing impairment and no recent episodes of otitis media, no abnormalities of oral structure or problems in oral function; he showed no evidence of obvious neurological impairment or impaired neurological development; he had no symptoms of impaired reciprocal social interaction or restriction of activities that are typical of autism or PDD. His IQ, tested using the WISC, was average for his age.
With respect to the inclusion criterion, we tested Gal's lexical, phonological, verb argument structure and syntactic abilities separately to determine not only that he has a linguistic impairment but also which linguistic ability is impaired. This assessment yielded normal performance in lexical, phonological, and verb argument structure tasks, whereas his syntactic abilities were found considerably impaired, leading to the diagnosis of syntactic-SLI. His lexical-semantic retrieval and comprehension were tested using the MAASE test (Rom & Morag, 1999) , which tests lexicalsemantic abilities, the rapid lexical retrieval test (RAN) test, and verbal fluency tests (phonological and semantic), all standardized for Hebrew-speakers. His performance in these tests was found normal (within one SD from the mean of his age). His phonological abilities were assessed using a repetition test of phonologically complex words and nonwords (BLIP -Friedmann, 2003) which he Gal's sensitivity to verb argument structure was tested using PAS test (Predicate Argument Structure, taken from BAFLA -Friedmann's battery for agrammatism, Friedmann, 1998) . This test contains 140
verbs of different types (unergatives, unaccusatives, transitives, and di-transitives) presented in written form. The participant is asked to produce a sentence that contains the verb. Seventy of the items were given to Gal, and his argument structure sensitivity was found normal: Gal used the correct number of arguments, without ungrammatical omissions or additions of arguments. This unimpaired ability was an important tool in the intervention planning.
Syntactic assessment
We used a line of tests to evaluate Gal's syntactic abilities before, during, and after the intervention in different types of sentences. The tests examined comprehension, repetition, and production of the various structures, and were taken from BAMBI -Battery for assessment of syntactic abilities in children (Friedmann & Novogrodsky, 2002) and from BAFLA -Friedmann's Battery for Agrammatism (Friedmann, 1998) . We examined various types of structures that derive from syntactic movement of two types: Wh movement and verb movement. The structures that were tested were object and subject relative clauses (right-branching and center-embedded), focalization, Wh questions (subject/object-referential/non referential -with/without case marker), and sentences with verb movement. These structures were examined by comprehension tasks (sentence-picture matching, reading and paraphrasing), repetition tasks, and production tasks (oral and written elicitation). The following chapters describe every task and the performance of Gal (and of the control group) on the various tasks.
It is worth mentioning that both structures with Wh-movement and structures with verb movement tested in the current study are already acquired by the age of six years, six years younger than Gal's age. In the course of typical acquisition of movement-derived sentences in Hebrew, Wh-movement already appears in production in the third year of life. Relative clauses are already produced around age 2-3 years (Berman, 1986 (Berman, , 1997 Günzberg-Kerbel, Shvimer & Friedmann, in press; Varlokosta & Armon-Lotem, 1998) . Wh-questions are produced around this age as well (Eyal, 1976) , and focalization (OSV) structures are produced around the age of 3-4 years (Friedmann & Lavi, 2006) .
Hebrew-speaking children master the comprehension of relative clauses and focalizations structures when they are six-year old (Friedmann & Novogrodsky, 2004; Friedmann & Szterman, 2006) . The comprehension of center-embedded object relatives emerges later, around fourth grade (Friedmann & Novogrodsky, 2007) . This timeline is consistent with reports from the acquisition of other languages (see Crain, McKee & Emiliani, 1990; de Villiers, de Villiers & Hoban, 1994; McKee, McDaniel & Snedeker, 1998 , for production studies and Adams, 1990; Roth, 1984; and Tavakolian, 1981 for comprehension) . The production of Hebrew sentences that are derived by verb movement to a position before the subject is acquired around the age of 5-6, as indicated in sentence repetition studies (Friedmann & Novogrodsky, 2003; Zuckerman, 2001 ).
Because we were mainly interested in the current study in treatment and in bringing Gal to the syntactic level of his age mates, we compared Gal's performance in all the syntactic tests to agematched control participants with no history of speech, language, or hearing impairment. One control group included 18 participants with unimpaired language abilities, mean age 11;7 (SD 4. 5 
Performance before treatment
We compared Gal's performance before treatment (baseline) to chance level performance and to the control group's performance. We used Binomial test to compare the performance to chance, and
Crawford and Howell's (1998) t-test, which compares single subject performance to group performance, for the comparison of Gal's performance to the control group. When all the control participants performed at ceiling (so that SD was 0 and hence t-test could not be used), the comparison between Gal and the control group was made by using U 2 test. Comparisons between Gal's performance on different structures within the same test were made using Fisher exact or U 2 tests, according to the number of items in the test. An alpha level of .05 was used for all statistical tests.
Relative clauses
We examined comprehension and production of subject and object relative clauses. Comprehension of relative clauses was tested using a sentence-picture matching task and a reading and paraphrasing task; production was tested by oral and written elicitation tasks. Object relative clauses were also tested by a repetition task. 4 Notice, that this control group was not only chronologically age-matched to Gal, but also matched in language age with respect to lexical and phonological abilities, as Gal's lexical and phonological age matched his chronological age.
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Relative clause comprehension
Sentence-picture matching
Comprehension of relative clauses was assessed using a sentence-picture matching task from the As can be seen in Table 1 , Gal's comprehension of object relative clauses was at chance level, and significantly poorer than his comprehension of SVO sentences, U 2 = 10, p = .001. His performance on SVO sentences and subject relative clauses was significantly above chance level, and did not differ significantly from the performance of the control group. 5 The difference between the comprehension of SVO sentences and subject relative clauses was marginally significant, U 2 = 3.24, p = .07, and so was the difference between the comprehension of subject relatives and object relatives, U 2 = 3.13, p = .08.
Paraphrasing relative clauses in reading
Another task we used to assess Gal's comprehension of relative clauses was a reading and paraphrasing task, using BAMBI test of written relative clauses with homographs (the homographs are not relevant for the current study and will not be discussed). The test included 20 sentences: 10 center-embedding object relative clauses and 10 simple control sentences without phrasal movement (see examples (4) and (5)). Gal was asked to read the sentence and explain it in his own words, while the sentence was still in front of him (see for a detailed description of the test).
(4) Relative clause: ha-kalba she-ha-yalda sonet tered ba-madregot
The-dog-female that-the-girl hates will-descend in-the-stairs
'The dog that the girl hates will go down the stairs.'
(5) Control sentence: ha-kalba ha-xuma shel Tomer tered ba-madregot
The-dog-female the-brown of Tomer will-descend in-the-stairs 'Tomer's brown dog will go down the stairs.'
As seen in Table 2 , Gal's paraphrasing of relative clauses was impaired and significantly poorer than that of the control group, whereas his performance on the control sentences was good and not different from the control group. The errors he made were of incorrect assignment of thematic roles to the arguments in the sentence. His performance on control sentences was significantly better than on relative clause sentences, U 2 = 13.33, p < .001. 
Relative clause repetition task
In order to assess Gal's ability to repeat relative clauses, and in order to find out whether his deficit in relative clauses is indeed related to syntactic movement or whether it rather relates to the embedding of clauses or to sentence length, we used a repetition test of subordinated and coordinated structures (from BAMBI). We tested Gal's repetition of relative clauses, and compared it to his repetition of subordinated sentences without movement, and to coordinated sentences matched in length. The test included 24 sentences of three types: 8 object relative clauses (for example: This morning mommy looked for the newspaper that daddy read), 8 matched coordinated sentences (This morning mommy looked for the shoes and daddy read), and 8 sentential complements (This morning mommy said to the children that daddy danced). The participant heard the sentence, and was asked to count out loud to ten and then repeat the sentence. As shown in Table 3 , the repetition of sentences with sentential complement was significantly better than repetition of object relative clause sentences and coordinated sentences (p = .01). Although quantitatively Gal made the same number of errors in the object relatives and in the coordinated sentences, the types of errors he made in the two structures were completely different. While the errors in the object relatives stemmed from the syntactic structure and included the elimination of the structure and using a coordination instead (see examples (6) and (7)), the errors in the coordinated sentences were of producing a grammatical sentence that included a complement after the second verb, without affecting the basic syntactic structure of the sentence (example (8)).
(6) Relative clause target: At-the-birthday-party I tasted the cake that Danny ate.
Response: At Danny's birthday party I ate a cake. Response: This morning mommy looked for the shoes and daddy read a book.
Production of relative clauses
Relative clause production was tested orally and in writing. The participant's ability to orally produce relative clauses was examined using a preference elicitation test (BAFLA ADIF, see for a detailed description of the test). The participant heard a sentence and was asked to answer a preference question that required the production of a relative clause. The test includes 12 sentences: 6 eliciting subject relative clause and 6 eliciting object relative clause (see examples (9) and (10)).
(9) Subject relative elicitation: "There are two boys, one boy is riding the bicycle, the other boy is going on foot. Which boy would you prefer to be?". Please start your answer with 'The boy…' ".
(10) Object relative elicitation: "There are two boys; mother is hugging one boy, and grandmother is hugging the other boy. Which boy would you prefer to be?" Please start your answer with 'The boy…' ".
The ability to produce relative clauses in writing was examined using the BAMBI relative clause writing test, comprised of 10 items: 5 eliciting center-embedded subject relative clause and 5 eliciting center-embedded object relative clause. The participant read two sentences, and was asked to combine them into one sentence, when the first word of the sentence is given (see examples (11) and (12)).
(11) Eliciting subject relative in writing: The dog pulled the cat. The dog left.
The dog _____ (that pulled the cat left).
(12) Eliciting object relative in writing: The girl drew the woman. The woman smiled.
The woman_____ (that the girl drew smiled). Table 4 shows Gal's performance on the relative clause elicitation tasks, compared to the control group. His oral production of object relatives was significantly poorer than that of the control group.
His production of subject relatives was similar to the control group. His performance on writing was significantly poorer than the control group's performance, both in object relatives and in subject relatives.
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The main type of errors Gal made in the oral elicitation task was turning object relatives into subject relatives while trying to keep the approximate original meaning -a strategy that required a change in the verb (see example (13)). The production of subject relative appeared normal.
(13) There are two boys. Daddy is hugging one boy, and daddy is lifting the other boy. Which boy would you prefer to be?
Gal's Response: The boy that receives a hug.
The written task is more open than the oral elicitation task, and allows for a variety of structures to be used instead of relative clauses, and this may be the reason for the differences in performance between the two. Another important difference between the tasks was that the written task required center embedded, rather than right-branching relative clauses. Most of Gal's productions in the written elicitation task in both subject and object relative were creating coordinations instead of relative clause (9 out of his 10 errors, see example (14)).
(14) The dog pulled the cat. The dog left.
Gal's response: the dog left and before that it pulled the cat.
Interim summary: comprehension, repetition and production of relative clauses
Before the therapy Gal showed significant difficulty in relative clauses in comprehension, repetition, and production tasks, and performed well in simple SVO sentences and in movement-derived sentences in which the canonical order of arguments is preserved (subject relative clauses). The next step was to examine other structures that are derived by Wh movement, in which the canonical order of arguments is violated.
Focalization
In order to test the comprehension of focalization OSV sentences (15), which include movement of the object NP to the beginning of the sentence, and compare it to the comprehension of control SVO sentences, which do not involve movement (16), we used the BAMBI sentence-picture matching test (see previous section for the description of the test). The results, shown in Table 5 , were that comprehension of focalization was above chance level, but significantly poorer than control group comprehension. 
Wh questions
We tested the comprehension of questions using a question-picture matching test from the BAFLA battery. We used the test to make three comparisons: between subject and object questions, between non-referential (who, whom) questions and referential (which) questions, and between object questions with and without accusative case marker, which are both acceptable in Hebrew. This last comparison was used to assess whether the case marker can assist in the comprehension of questions. As can be seen in Table 6 , Gal's comprehension of subject questions was significantly above chance level, and not significantly different from the control group. As for object questions, Gal's performance on all types of object questions was significantly poorer than the performance of the control group, and his performance on referential object questions with and without case marker was significantly poorer than his performance on subject questions, U 2 = 5.62, p = .01 and U 2 = 7.02, p = .008, respectively. Comprehension of non-referential object questions (whom) was significantly above chance level, but comprehension of referential object questions with and without case marker (ACCwhich / which) was at chance. The difference between non-referential object questions and referential object questions with and without case marker was not significant, U 2 = 3.13, p = .07, U 2 = 2.13, p = .14. The accusative case on the Wh morpheme in the referential object questions did not assist comprehension: there was no significant difference between the referential questions with and without accusative marker, U 2 = 0.1, p = .74. This indicated that the accusative case is not used by Gal as a strategy that assists comprehension.
To summarize, Gal's main difficulty in the comprehension of Wh question was related to referential object questions, and the phonetic marking of case did not assist his comprehension.
Verb movement
Until now we tested Gal's abilities with respect to Wh-movement, and established that Gal has a deficit in sentences that are derived by Wh-movement. The next step was to test his ability with headmovement, and specifically with respect to movement of verbs.
In addition to movement of noun phrases, Hebrew enables another type of movement, verb movement to second position, in which the verb moves to the position before the subject, and after another constituent, such as a temporal adverb, as seen in (21) and (22) (Shlonsky, 1997) . We tested Gal's ability in verb-movement structures using comprehension and repetition tasks.
Comprehension task
In order to assess Gal's comprehension of sentences with verb movement we used BAMBI comprehension of verb movement test that used a choice between two pictures. The test comprised of 31 sentences: 19 with verb movement, in which the object, located right after the subject, is a verbnoun homograph (23) and 12 parallel sentences without movement, that also included the same verbnoun homographs (24). The participant read the sentence and was asked to point to the correct picture out of two (for example: for a sentence that included the homograph "orez", which means both rice and is packing, a picture of a rice bowl and a picture of someone packing a suitcase were presented).
The idea behind this test was that if Gal does not understand that the verb has moved to the second position of the sentence, he might take the homograph after the subject to be the matrix verb of the sentence, and then erroneously select the picture that matches the verb reading of the homograph (see As can be seen in Table 7 , Gal's comprehension of the sentences with verb movement was above chance level, but significantly poorer than the performance of the control group. His comprehension of control sentences was at ceiling. 
Repetition task
The repetition of sentences with verb movement was tested using the BAMBI verb movement repetition test, which comprised of 20 sentences: 10 VS sentences with verb movement, and 10 SV control sentences. The participant heard the sentence and was asked to count to ten out loud and then repeat it.
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Gal's repetition of VS sentences was poorer than his repetition of the SV sentences (p = .04, see Table   7 ). Hiss repetition of VS sentences was significantly poorer than the control group's. Both Gal and the control group performed at ceiling level on the control sentences. All the 4 errors Gal made in the repetition of VS sentences were of changing the word order into SV, the order without verb movement.
Thus, the assessment of Gal's syntactic abilities prior to treatment yielded a picture of impaired comprehension and production of reversible sentences that are derived by Wh-movement such as relative clauses, focalization structures and Wh questions, and a deficit in sentences with (head) verb movement. On the other hand, Gal showed good abilities with respect to the argument structure of verbs, namely he demonstrated knowledge regarding which arguments each verb takes.
Treatment procedure
The objective of the therapy was to use Gal's intact sensitivity to verb argument structure, in order to improve his comprehension and production of structures that include syntactic movement and canonical order violation, by using explicitly-learned syntactic rules. The treatment included 16 sessions, carried out over six months. Each session lasted 20 to 60 minutes, and included three parts:
explanation, training, and testing. Each structure was trained first in writing (a form in which there is no effect of time and which enables the marking of the trace and the movement), and afterwards the structure was presented orally. Only after it was clear that Gal already deals with a certain structure, another structure was presented.
At the first session we told Gal about verb argument structure and explained the Theta Criterion. The purpose was to turn the implicit knowledge into explicit one, so it could be used as an anchor for further comprehension of sentences with movement. Target verbs were of three types: unergatives, transitives, and ditransitives, three of each type. Gal was asked to produce a sentence for each verb.
One simple sentence with a transitive verb was chosen from the sentences he generated (which were all grammatical), and we explained the relations between the verb and its arguments using the terms agent and theme. We then identified how many (thematic) roles each verb assigns in each of the sentences Gal wrote, and identified which argument is the agent and which is the theme. The agent was colored blue and the theme was colored orange.
After the theoretical explanation and the color demonstration, Gal showed assimilation of the newly taught terms by comparing the hierarchy between the verb (as a thematic role assigner) and the arguments (thematic role recipients) to the relations between an officer and his/her soldiers. He also gave different ranks to the officers -depending on how many thematic roles they can assign. After identifying the number of roles and ascribing each one to the relevant argument, the Theta Criterion was introduced. Namely, Gal learned that the verb is obliged to assign all the thematic roles it has to the arguments, and that each and every argument must receive one and only one thematic role.
Gal was given written sentences that violated the Theta Criterion and was asked to color the verb and the arguments, to identify the violation (an argument with no thematic role or a verb with an extra role) and correct it. Examples for such ungrammatical sentences are "The boy jumped cats." and "The boy loves.". Afterwards we gave him the same task orally, without the possibility to lean on either colors or written indications.
After this session, we moved to explicitly teach Gal what movement is. We first worked on sentences that included verb movement (3 sessions), and then moved to Wh movement, which was more impaired. The idea was to start working on syntactic movement with sentences on which Gal's performance was above chance even before treatment, rather than with the most problematic structures.
In order to teach Gal what movement is, we gave him sentences with movement presented on cards, each word written on a separate card. We used the cards to show Gal that sentences with movement are actually created by the movement of words from one position to another position in the sentence.
For each type of movement we showed the initial position of the constituent that moved, and its final position. We showed him that whereas the constituents in the initial stage are ordered in a way that allows the verb to assign thematic roles to its arguments, in the usual way (the agent before the verb and the theme after it), movement requires the assignment of thematic roles to be made in a different way. We explained that the word that moves leaves a trace behind to allow for the transfer of thematic roles to the new position, and that the connection between the original position and the final one is established via a chain. In the verb movement training stage we explained that the verb assigns the thematic roles from its original position 6 . In the phrase movement training we said that the argument that moves does not lose its right to receive a thematic role, although it is no longer in the place where the verb usually assigns it a thematic role. In order to receive a thematic role, the argument that moves leaves behind a trace, the verb assigns the trace the thematic role, and the role is transferred from the trace to the argument via a chain.
During the 3 sessions that focused on verb movement, we explained to Gal the principles of verb movement and asked him to identify the relocated verb, and assign the thematic roles. We started with cards that included one word each, and Gal was asked to show the movement using the demonstration of movement of the verb card from the initial position to the final position. We then presented cards that included whole sentences with and without verb movement, and he was asked to draw the trace and mark the chain. In order to make the training more accessible and meaningful, we introduced the task using a story. (The story is given in Appendix A). We gave Gal a rule of thumb to tell verb complements from adjuncts: we explained that time, place and manner descriptions can be found in almost every sentence and are usually not part of the verb meaning. 6 The explanation was told as a story, using Gal's metaphors (the verb was an officer, and the arguments were simple soldiers). In the verb movement stage we said that the verb is a very responsible officer, that even when he moves, makes sure every soldier receives its role, from the place where he left a trace.
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From session 4 onwards we worked in a similar manner on Wh movement. The structures were introduced in the following order:
1. Structures on which Gal performed above chance level before treatment, but below the control group mean performance (focalization).
2. Structures that contain perceptible and phonetically marked movement on which Gal performed at chance level before treatment (object relative).
3. Structures which Gal comprehended and produced correctly before treatment, but perhaps wrongly represented, because their movement does not violate canonical order and is not phonetically marked (subject relative).
Notice that Wh questions were not treated directly, and of the structures with Wh movement only focalization and the two types of relative clause were treated. This enabled us to test whether the treatment of structures that are derived by the same type of movement (focalization, relative clauses)
generalizes to other untrained structures that include this type of movement (in this case, object Wh questions).
The first stage in the treatment procedure was a written training, which was followed by an oral training. The first part of the written training used cards, each containing a single word (high tangibility, ability to represent the movement physically by moving the card). The second part used written sentences in which the verb and the arguments were colored and the trace and the chain were marked (medium tangibility). The oral training was applied last because it is characterized by the lowest tangibility. At first we introduced each structure without semantic reversibility, in order to enable the reliance on non-syntactic indications, and afterwards we introduced a semantically reversible version of each structure.
Thus, the therapy was build so as to first make existing latent knowledge explicit, in order to use it as an anchor for treatment of other syntactic abilities that are impaired, and then used explicit teaching of impaired syntactic abilities. The therapy was based on linguistic theory and was gradual in every respect: type of structures treated -from the less impaired to the more severely impaired structures (determined by baseline performance), training procedure -from single word cards, to whole written sentences, to oral presentation, and semantic indications -first semantically nonreversible sentences, then reversible ones. Only after Gal had shown improved performance on each stage, we proceeded to the next. The treatment targeted both verb movement and Wh movement. Only three of the impaired structures with Wh movement were treated directly: focalization sentences, object relatives and subject relatives. Object Wh questions were not treated in order to test generalization of treatment of Wh movement.
Syntactic performance after treatment
In order to assess the efficiency of the intervention, we compared Gal's performance on the various structures and tasks before treatment to his performance after treatment. For some of the tasks we also assessed his performance during the treatment phase. In addition, we compared his performance to the performance of the control group. Table 8 summarizes the results and the statistical analyses.
Please insert Table 8 here
Relative clause comprehension task. Gal's comprehension of object relative clauses improved significantly after treatment, and no longer differed from the performance of the control group. When examining his performance stepwise, before/during/after treatment, a trend of gradual improvement was seen (but the difference between the performance before and during treatment and between during and after treatment did not reach significance, p = .16, p = .15). Improvement was seen in the comprehension of subject relatives as well, but the difference was not significant.
Paraphrasing written object relative clauses task. Gal's performance after treatment was significantly better than his performance before treatment, and his performance no longer differed from that of the control group.
Relative clause repetition task. Gal's performance after treatment was significantly better than before treatment both in relative clauses and in coordinated sentences, and his performance reached a level that did not differ anymore from the control group's performance on sentential complement and coordinations (both Gal and the control group performed at ceiling level). Despite the significant improvement, Gal's repetition performance on object relative was still significantly poorer than the control group's performance.
Relative clause production tasks -written and oral. After treatment, Gal's performance on the two elicitation tasks no longer differed from the control group's performance -both on object relatives and on subject relatives. Gal's production of object relatives improved in both elicitation tasks (orally and in writing) from no correctly produced object relatives on the written task and only 17% performance on the oral production task before treatment, to ceiling level after treatment.
In the written production task before treatment, Gal produced both target subject relatives and object relatives as coordinated sentences instead of relative clauses (9 out of 10 errors). During treatment,
Gal produced all responses as relative clauses, but all these relative clauses included a resumptive
pronoun. This forms a grammatical option for object relatives in Hebrew (with a chain but without movement), but it is not grammatical for Hebrew subject relatives (Shlonsky, 1992; see example (25) Syntactic treatment in SLI 22
for object relatives with and without resumptive pronouns and example (26) for a subject relative without a resumptive pronoun, and a subject relative with a resumptive pronoun, which is ungrammatical. See the Discussion for further elaboration). After treatment, Gal produced both subject relatives and object relatives correctly, with resumptive pronouns only in object relatives. All his object relatives were produced with a resumptive pronoun, whereas the control participants produced only 4 object relatives with a resumptive pronoun out of 40 sentences.
(25) a. ha-isha she-ha-yeled pagash the women that the boy met b. ha-isha she-ha-yeled pagash ota the women that the boy met her (26) a. ha-isha she-cyira et ha-yeled the woman that drew the boy b. * ha-isha she-hi cyira et ha-yeled the woman that she drew the boy In the oral elicitation task, the most frequent error before treatment was producing a subject relative instead of the target object relative (4 out of 5 errors). After treatment Gal produced all subject and object relative clauses correctly, at ceiling level, but still 5 of his 6 object relatives included a resumptive pronoun (a rate of resumptive pronouns in object relatives that was significantly higher than in the control group, U 2 = 9.34, p = .002).
When tracking the trajectory of improvement on subject relatives in the oral elicitation task, via the types of sentences produced before, during, and after treatment, the results show an interesting Ushaped pattern. Before and after treatment it was at ceiling and significantly better than his performance during treatment, which was at floor level, U 2 = 12.02, p < .001, in both comparisons.
Before treatment Gal seemed to produce subject relatives correctly. During treatment, however, Gal produced subject relatives with resumptive pronouns at subject position (which are ungrammatical in Hebrew). Only after treatment was he able to correctly produce subject relatives without resumptive pronouns.
Interim summary
Comprehension, repetition and production of relative clauses. Before treatment Gal showed considerable difficulty in object relatives, which are derived by movement that violates the canonical order of arguments, and performed well on simple SVO sentences. Subject relatives, in which the movement does not violate the canonical order of the arguments, yielded relatively good performance in comprehension and production prior to treatment but possibly using a non-syntactic strategy rather than using the correct processing of the movement structure. This assumption is supported by Gal's poor production of subject relatives during treatment and by the error pattern that emerged during treatment, of using resumptive pronouns after the explicit learning of relative clause structure.
Following the treatment, Gal produced both object and subject relative correctly.
Focalization. Gal's comprehension of focalization structures during and following treatment was better than his baseline, but this improvement was not statistically significant. Gal's performance on focalization after treatment was still significantly poorer than that of the control group.
Wh questions. Although we did not treat Wh questions directly, and only treated other instances of Wh movement, Gal's comprehension of all types of questions showed improvement following treatment. Although Gal's performance on object questions after treatment was still poorer than the control group's, the referential object questions, which were the most impaired questions prior to treatment showed significant improvement following treatment, and changed from chance performance before treatment to above chance performance following it. These results suggest that explicit meta-syntactic treatment does not have to directly target each impaired structure and that treatment of structures that include the same type of movement might generalize.
Verb movement. Gal showed improvement in his comprehension and repetition of sentences that contain verb movement, but it was not statistically significant. Gal's repetition of VS sentences after treatment was no longer different from the control group, but his comprehension of this structure after treatment was still significantly poorer than the control group's performance. In order to test whether Gal's improvement on various structures right after treatment was maintained 10 months post treatment, we retested his relative clauses and focalization comprehension, his object relative oral production, and his subject and object relative production in writing. The tasks were the same ones we used before, during and right after treatment. The results, given in Figure 2 , clearly indicated maintenance of the improved performance. The encouraging results were that (except for a single error he made in written production of object relatives) the performance in all 5 constructions was at ceiling, even 10 months post the completion of the treatment program. In all the five tasks tested 10 months post treatment, the high level of performance was maintained as it was right after treatment (The single error on the written production test did not create a significant difference, p = .29).
Maintenance of treatment results
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Discussion
The paper described an experimental treatment given to Gal, a child with syntactic SLI, who had difficulty in the comprehension and production of structures derived by syntactic movement, in which the canonical order of the arguments is violated. The therapeutic intervention was based on syntactic theory and included explicit teaching of syntactic movement, that relied on Gal's intact knowledge of the verbs' argument structure. The main result of the current study is that explicit meta-linguistic teaching of syntactic principles and structures such as the notions of argument structure, trace, and chain, as well as the identification of the trace and the assignment of thematic roles via a chain, are instrumental in the treatment of severe syntactic deficits.
Before treatment, Gal showed considerable difficulty in the comprehension and production of semantically reversible structures in which the arguments are not ordered in the canonical order following syntactic movement. He was impaired in the comprehension of object relatives, object questions, focalization structures, and sentences with verb movement. Gal had difficulties understanding "who did what to whom" in these structures, and his performance was at chance level, and/or significantly poorer than control group's performance. The deficit in production of relative clauses manifested itself in producing coordinated sentences instead of relative clauses, and in producing subject relatives instead of object relatives. His deficit in the production of sentences with verb movement to second sentential position was reflected in his repetition of sentences with verb movement in the opposite order, turning them into simple SVO sentences.
The treatment was based on explicit teaching of syntactic movement, and relied on Gal's existing, latent, knowledge about the argument structure of verbs. The treatment included identifying the verb and its arguments -at first in simple SVO sentences, then in semantically irreversible sentences that contain movement, and finally in semantically reversible sentences that contain movement. The treatment targeted both comprehension and production. At first, Gal used semantic scaffolding and physical illustration (using cards in order to represent the movement, drawing the traces in written sentences), and step by step he progressed towards abstract representation of the movement orally.
During the intervention and after it Gal showed substantial improvement in all structures compared to baseline -in most of the cases the improvement was statistically significant, and in some cases his performance following treatment was on a par with the performance of the age-matched control group.
Interestingly, some structures showed a U-shaped curve. Gal's production of subject relatives in the oral elicitation task showed such a curve: before treatment he produced 100% correct subject relatives, during the treatment his performance dropped to 0%, and after treatment it was 100% again.
All of Gal's errors during the treatment phase were producing resumptive subject relatives, although
Hebrew does not allow resumptives in subject relatives (as seen earlier in example (26)). U-shaped curves are found in various aspects of language acquisition, such as the lexicon. For example, during lexical acquisition, English-speaking children produce irregular past forms like came and went properly at first, then their performance declines and they produce them incorrectly (comed, goed), and at the end they produce them correctly again. The suggested explanation in the acquisition literature is that at the first stage the children do not use the past tense inflection rule yet (verb-ed) but they rather use unanalyzed strings from their input. In the next stage they assimilate the past tense rule and over-generalize it, using it to inflect all verbs, including the irregular ones. At the last stage they are capable of applying the rule exclusively on the relevant verbs (Pinker & Prince, 1988; Siegler, 2004) . A similar account can be suggested for Gal's U-shaped curve with respect to subject relatives: before treatment, Gal lacked the proper representation of the relative clauses. During treatment, after the explicit learning of relative clause structure, Gal represented the relative clause but did not yet acquire the constraints that prevent resumptive pronouns in subject relatives, and possibly overgeneralized the use of resumptive pronouns in object relatives to subject relatives, similarly to children acquiring Hebrew who produce a quarter of their subject relatives with resumptive pronouns (Varlokosta & Armon-Lotem, 1998) . After treatment he already represented both types of relative clause correctly, and therefore also used resumptive pronouns only where they are grammatical.
Another aspect of Gal's use of resumptive pronouns is seen in his production of object relatives. After treatment Gal's correct production of object relatives included significantly more resumptive pronouns than in the control group. While Hebrew allows object relatives both with and without resumptive pronouns, the production of relative clauses with resumptive pronouns is characteristic of an earlier stage of language acquisition. Young children who acquire Hebrew produce almost all object relatives with resumptive pronouns. Varlokosta and Armon-Lotem (1998) studied relative clause production of 24 Hebrew speaking children aged 2;8-5;5 and found that 93% of the object relatives they produced included resumptive pronouns. The extensive use of resumptive pronouns both in licit and illicit contexts of relative clauses has been reported for young children who are at the
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process of acquiring relative clauses in several languages such as English (de Villiers, 1988; Pérez-Leroux, 1995) , Greek (Varlokosta & Armon-Lotem, 1998) , Spanish (Ferreiro, Othenin-Girard, Chipman, & Sinclair, 1976; Pérez-Leroux, 1995) , and French (Ferreiro et al., 1976; Labelle, 1990; see Guasti, 2002 for a review and discussion). What does his production of resumptive pronouns in object relatives say about Gal's syntactic abilities after treatment? Firstly, it is important to note that unlike children in the process of acquiring relatives, after treatment Gal only produced resumptive pronouns when they were grammatical, namely in object relative clauses and not in subject relatives. Secondly,
we can see that after treatment Gal was already able to process or represent relative clauses with Wh movement, as indicated by his good comprehension of relative clauses without resumptive pronouns and his correct production of subject relatives without resumptive pronouns (Unlike his performance prior to treatment and unlike children with hearing impairment who can only understand relative clauses with resumptive pronouns and who predominantly produce both subject and object relatives with a resumptive pronoun, Friedmann & Szterman, 2006; Friedmann, Novogrodsky, Szterman & Preminger, in press ).
It thus seems that he was able to produce and comprehend sentences with Wh-movement, but preferred, when grammatical, to use relatives without movement. Paradoxically, his use of resumptive pronouns after treatment might even indicate that he has acquired a syntactic ability, because prior to treatment he did not produce relative clauses with resumptive pronouns at all, similarly to other children with S-SLI, who use resumptive pronouns at a rate similar to typical children . Finally, this study followed to a large extent the treatment approach developed by Shapiro and
Thompson and their group, of meta-linguistic explicit treatment of syntactic movement that relies on argument structure, which they applied to agrammatic aphasia. One important outcome of their studies in aphasia was that not all impaired structures need to be treated, but rather that it is possible to treat only one structure, and treatment generalizes to other structures that are derived by the same type of movement (Thompson et al., , 1997 . For example, the treatment of Wh questions was found to improve the performance in object relatives and cleft sentences. Our current study showed results in the same vein also in syntactic SLI: although referential object questions, which were comprehended only at chance level prior to treatment, were not directly treated, Gal's comprehension of them significantly improved following treatment, presumably because structures with the same type of movement, focalization sentences and relative clauses, were treated, and a generalization took place. It would be interesting in future studies to explore the extent of this generalization, and to see whether treatment of a single structure would be enough to improve the performance on all other structures that involve the same type of movement, and which of the structures with movement is the best one to treat (for consideration of where treatment of Wh movement should begin to allow for generalizations, see Friedmann 2002 Friedmann , 2005 Friedmann, Wenkert-Olenik, & Gil, 2000; Thompson, Shapiro, Kiran, & Sobecks, 2003) .
Surely, similar experimental treatment studies with more participants and in various languages should be conducted, but the results of the current case study indicated that with accurate diagnosis and use of linguistic theory in explicit teaching techniques, significant improvement in comprehension and production of structures that are derived by syntactic movement can be achieved and maintained over time.
